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LBQS 0103-2753: A Binary Quasar in a Major Merger 

G. A. Shields 1 , D. J. Rosario 2 , V. Junkkarinen 3 , S. C. Chapman 4 , E. W. Bonning 5 , T. 

Chiba 6 



ABSTRACT 

We present HST and UKIRT spectra and images of the 2 kpc binary quasar 
LBQS 0103-2753 (z = 0.858). The HST images (V- and I-band) show tidal 
features demonstrating that this system is a major galaxy merger in progress. A 
two-color composite image brings out knots of star formation along the tidal arc 
and elsewhere. The infrared spectrum shows that both objects are at the same 
redshift, and that the discrepant redshift of C IV in component A is a consequence 
of the BAL absorption in the spectrum of this component. 

LBQS 0103-2753 is one of the most closely spaced binary QSOs known, and is 
one of relatively few dual AGN showing confirmed broad emission lines from both 
components. While statistical studies of binary QSOs suggest that simultaneous 
fueling of both black holes during a merger may be relatively rare, LBQS 0103- 
2753 demonstrates that such fueling can occur at high luminosity at a late stage 
in the merger at nuclear spacing of only a few kpc, without severe obscuration 
of the nuclei. 
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Introduction 



Dual AGN, representing merging galaxies with both nuclei in an active state, are a 
subject of increasing interest. Dual AGN at spacings of 10 to 100 kpc, spatially resolved 
from t he ground , have been thought to occur with a frequency of about 1 per tho usand 
AGN (IKochanek! Il999l ; lHennawill2006l ). However, a recent study by iLiu et al.l ( 120111 ) finds 



a frequency as much as 10 times higher than this for AGN in the Sloan Digital Sky Survey 
(SDSS)0. Several more closely spaced dual AGN are known from a variety of observationa l 



techniques. HST imaging has revealed LBQS 0103-275 3 at 2 kpc (IJunk 



tarinen et al 



2009 



2001) 



Civano et al- 



and C OSMOS 100043.15+020637.2 at a similar spacing flComerford et al. 
20111) . A close pair observed in X-rays is the ULIRG NGC 6240 at a spacing of 1.4 kpc 



( lKomossall2003l). The closest kno w n binary black hole , space d by 7 pc, is in the radio galaxy 
0402+379 ([Rodriguez et al.ll2009l ). lJunkkarinen et al.l (|200l|) estimated a frequency of 1 dual 
QSO per 1000 QSOs at spacings ~ 2 kpc. They argued that this was surprisingly low if one 
assumes that most luminous AGN are triggered by mergers and that fueling of one black hole 
is often accompanied by fueling of the other . A similar con c lusion was reached for spatially 
resolved dual AGN in a theoretical study by lForeman et al.l ( 120091 ). In the last several years, 
a number of studies of dual AGN have appe ared, including systematic searches f or candidate 



objec ts based on spectroscopic indicators (IWang et al.l 12009 



2010) and fol 



Rosario et al.l 



ow-u p imaging and spectroscopic studies ( ILiu et al.l 1201 Obi ; iFu et al. 



Liu et al. 



2010a 



Smith et al. 



2011 



20111). A deta iled study of a z=0.44 dual quasar with a spacing of 21 kpc is 



given by ( iGreen et al.ll2010|). and X-ray con firmation of a dual AGN at 2 kpc spacing was 
recently reported by lComerford et al.l (1201 ll ). A majority of these objects show only narrow 
emission lines. Known dual AGN showing broad emission lines from both components, as 
does LBQS 0103-2753, are relatively rare. 



The binary nature of LBQS 0103-2753 was discovered by lJunkkarinen et al.l (120011 ) in 
the course of ultraviolet spectroscopic observations with STIS aimed at understanding the 
broad absorption lines. The acquisition image revealed two AGN separated by 0.3 arcsec 
with magnitude V = 18.2 and 19.4 for components A and B, respectively. However, the 
acquisition image was too shallow to show the host galaxies. Moreover, there was an apparent 
discrepancy between the redshifts of the two components. Junkkarinen et al. assumed that 
this resulted from the presence of BAL features in the brighter component, which can affect 
the redshift of the C IV emission line used for the redshift. In this paper, we present follow-up 
imaging and spectroscopic observations that confirm this exceptional object as a true dual 
AGN in an on-going galactic merger. 



7 The SDSS website is 



http://www.sdss.org 
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2. Observations 

We have obtained imaging of LBQS 0103-2753 aimed at revealing the nature of the host 
galaxy and spectroscopy aimed at clarifying the redshift agreement between components A 
and B and testing for variability of the BAL features of component A. 

2.1. HST Images 

LBQS 0107-2753 was imaged with the Advanced Camera for Surveys (ACS) on HST 
using the F606W and F814W filters for the purpose of studying the host galaxy morphology 
and any merger signatures (GO 9498, PI Junkkarinen) . These filters correspond roughly to 
rest wavelengths of 3300 and 4400 A, spanning the break at Ca II H and K. Each image 
is composed of 4 dithered subexposures, each of 1020s, yielding a total integration time of 
4080s per filter. A 4-point box dither was used, with a box size of 0.265 arcsec. The images 
were combined using the standard version of MULTIDRIZZLE run by the archive pipeline. 
Remaining cosmic rays were removed using the CRREJECT task in IRAF^. A conservative 
approach was employed in the cosmic-ray rejection algorithm so as not to remove flux from 
the bright QSO point source cores. Therefore, some weak CR residuals still remain in the 
final image. 

Figure [1] shows a two color rendition of the HST images. The left panel brings out the 
two AGN. The right panel is zoomed out a factor of two and gives a deeper rendition, clearly 
showing the host galaxy. There is a prominent tidal arc at about 10 kpc from the nucleus 
that can be traced from position angles roughly 30° to 180°, reaching a distance of ~ 15 kpc 
at the northeast extreme. A possible companion galaxy is visible 6 arcsec SE of the quasar, 
but the full image does not indicate the presence of a rich cluster. 

In an effort to bring out the host galaxy morphology, the light of the two quasars was 
subtracted using a PSF derived from neighboring stars in each image. Figure |2] shows a 
difference image with F606W in blue and F814W in yellow, made with the PSF-subtracted 
images. This brings out several regions of intense star formation that are strong in the 
shorter wavelength exposure, including the main tidal arc, a smaller counter-arc, and some 
other scattered patches with a bluer stellar population. The tidal features and disturbed 
morphology confirm that the system is a major merger in progress. The tidal arm structure 



8 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the As- 
sociation of Universities for Research in Astronomy, Inc., under cooperative agreement with the National 
Science Foundation. 
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is somewhat reminiscent of NGC4038/39 (the "A ntennae"); however, that system has a 
nuclear spacing of ~ 6 kpc (jStanford et al.l Il99dl ). about 3 times larger than for LBQS 
0103-2753. 

There is a diffuse envelope of starlight visible to radii ~ 20 to 25 kpc from the nucleus. 
In order to study the light profile of this envelope, we performed annular photometry on 
the I-band image in the radial range from 0'.'5 to 4'.'0. The profile is well fitted by a Sersic 
function with an index of 0.6 and half-light radius of l'/8 (14 kpc). This very flat profile 
is suggestive of a disk but might also represent a distended envelope resulting from the 
merger. An integration of the best fit profile over all radii gives a total flux in F814W, 
which translates to an absolute blue magnitude of Mb = —23.0. This is about 10% of 
the total light from the QSOs. If this light is largely contributed by bulge stars from the 
progenitor galaxies, it is roughly consistent with the sum of the black hole masses for the 
QSOs estimated below (IKormendy &: Gebhardt 1120011 ). We therefore have a picture in which 
two rather large galaxies with commensurate black holes are being observed at an advanced 
stage of their merger. The exceptional nature of the present system lies in the vigorous, 
simultaneous fueling of both black holes, and the lack of obscuration of either nucleus, at 
least on our line of sight. 



2.2. Infrared Image 

In the course of acquiring infrared spectra with UKIRT (see below), we obtained a K- 
band image in approximately 0.5 arcsec seeing. The image is elongated in the position angle 
of the binary AGN, showing that the two nuclei are marginally resolved. Modeling the image 
with two point sources based on the PSF of nearby stars gives magnitudes of K = 16.46 and 
17.85 for components A and B, respectively, with an uncertainty of about 0.1 magn. Absent 
brightness variations since the Junkkarinen et al (2001) observations, this gives colors of V 
- K = -1.7 and -1.6 for A and B, respectively, so that there is little difference in optical - 
infrared color between the two components. 



2.3. Infrared Spectrum 

Junkkarinen et al.l (120011 ) found a discrepancy of ~ 4000 km s" 



_1 between the redshifts 
of components A and B, based on the peak of the C IV 1549 A emission line (za = 0.834 and 
zb = 0.848). They noted, however, that the C IV emission line peak can be substantially 



skewed in BAL QSOs. The Ha emission line should not be affected by the BALs. In order to 
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test for the redshift agreement of components A and B, we obtained a J-band infrared spec- 
trum with the United Kingdom Infrared Telescope (UKIRT) on the night of 2001 August 28. 
The setup employed the CGS4 spectrograph with a grating of 40 lines per mm and a 2 pixel 
slit (1.2 arcsec), giving resolution R/400. The detector was a 256 by 256 array. A total of 12 
exposures of 60 sec were obtained using alternate chops along the slit. Standard calibration 
procedures were carried out using the XIDL package (http:/ /www. ucolick.org/~xavier/IDL ). 

The reduced J-band spectrum is shown in Figure [3J This spectrum includes the light 
from both components of the dual QSO. The broad Ha line is evident. The profile suggests 
a single redshift, rather than a superposition of two lines at za and Zb- The wavelength of 
the Ha peak is 12,175 A, giving a redshift of z — 0.855. This is in good agreement with 
zb = 0.858. The expected wavelength of Ha for redshift za is 12,036 A, which is distinctly 
displaced to the blue wing of the observed profile. Since component A is the brighter com- 
ponent, one would expect the combined Ha profile to be dominated by component A. We 
conclude that the C IV redshift of component A is indeed affected by the BAL, and that the 
true redshift of comp onent A agrees with com ponent B. In view of the low probability of a 
chance superposition (IJunkkarinen et al.ll200ll ) and the tidal features evident in the images, 
we conclude that this system is indeed a dual AGN in an ongoing merger. 



2.4. HST Spectra 



Spectra of LBQS 0103-2753 in the ultraviolet and optical were obtained with the Space 
Telescope Imaging Spectrograph (STIS) on July 18 and 20, 2002. Three gratings were 
used: G230L (0"2 slit width, exposure 2359 s), G430L( O'.'l, 2856 s), and G750L (O'.'l, two 
exposures of 2672 s and 1834 s). The slit was oriented at position angle 150° to capture both 
components of the QSO. Figure H] shows the flux-calibrated spectra from G230L and G430L 
from the HST pipeline combined into a single spectrum joined at 3100 A. The spectrum 
shows the prominent BAL features a ssociated with the O VI, L yq, Si IV, and C IV permitted 
lines. Comparison with Figure 2 of IJunkkarinen et al.l ( 120011 ) shows little variation in the 
emission lines or BAL features. The G430L spectrum includes the C ill] and Mg II lines. 
The Mg II BAL r e main s weak, similar to the case for 1998 CTIO spectrum obtained by 



from 1987 ( iMorris et al. 



Junkkarinen et a l. (2001 ). Th is contrasts with the strong Mg II BAL in the LBQS spectrum 



19911 ). 



Figure [5] shows a comparison of the spectra of components A and B in the C ill] and 
Mg II regions. Component A shows strong emi ssion in Si HI A1892 an d Al III A1857. 
Strong Al III emission is common in BAL QSOs f lHartig Sz Baldwin! Il986l ). There are also 
substantial differences between the emission profiles of Mg II in the two QSOs, including a 
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blueward shift of ~ 1500 km s 1 in the Mg II peak in component A relative to component 
B. 

The goal of the G750L spectra was to measure the H/3 profile and detect any narrow 
[O ill] lines that would elucidate the redshift of components A and B. Unfortunately, no 
[O ill] lines were detected. The broad H/3 lines of both components are detected but too 
noisy for useful measurements. 



3. Discussion 



Our observations confirm that LBQS 0103-2753 is indeed a dual quasar in an on-going 
major merger. This object is distinguished from other known examples by the combination 
of close spacing, substantial redshift, and the high luminosity. Other examples of dual AGN 
with good imaging of the host galaxy include COSM OS 100043.15+02 0637.2 and the z=0.44 
dual AGN SDSS J1254+0846 separated by 21 kpc JGreen et alJkoioh . The latter object is 
more widely spaced than our object, and the tidal tail is more extensive (~ 75 kpc) and 
symmetrical. 



From a suite of numerical simulations of mergers, I Green et al.l (120101 )) find a good fit 
to the observed geometry of SDSS J1254+0846 for a prograde merger on its second pass 
with a 2-to-l baryon mass ratio. From the width of the broad H/3 line of each component 
of SDSS J1254+0846, Green et al. derive a black hole mass M BH = 10 8 ' 46 , 10 7 - 80 M Q for 
components A, B. This gives Eddington ratios of 0.67 and 0.29 respectively. The former 
value and marginally the latter one are higher than typical for AGN of this luminosity 
and redshift, which as Green et al. suggest may reflect vigorous fueling in the on-going 
merger. Green et al. infer from the merger simulations that the incoming galaxies must 
have had large disks to produce the large tidal tails and had pre-existing bulges to give 
the large m easured black hole masses at the early merger stage of SDSS J1254+0846. For 
comparison, lJunkkarinen et al.l ( 120011 ) estimated Mbh = 10 9 , 10 8 ' 5 M Q for components A, 



B in LBQS 0103-2753 on the assumption that each component is shining at one-third of 
the Eddington limit. Alternatively, for component B, the broad line widths may be used 
to estimate Mbh- From the HST spectrum, the FWHM of C IV is ~ 5200 km s" 1 and 
the luminosity at 1350 A is za L ;/ (5100) ~ iq45.is er g g -i_ Tj S mg the expression for Mbh i n 
Vestergaard &: Peterson! J2006h . we find M BH ~ 10 8 ' 7 M , giving L/L Ed = 10" a7 . By either 
approach, LBQS 0103-2753 involves luminosities and black hole masses one-half to one order 
of magnitude larger than for SDSS J1254+0846. (Mg II has a FWHM of ~ 5700 km s _1 , 
similar to C IV, but an unusually flat topped profile. Therefore we do not use it for Mbh-) 
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Comerford et al.l ( 120091 ) give strong evidence for a dual AGN at z — 0.36 in COSMOS 
100043.15+020637.2. The HST image shows a tidal tail and two point bright point sources 
separated by 1.75 kpc, whose spectra are indicative of AGN. The spacing of the two AGN and 
the asymmetrical ti dal tail of this objec t resemble LBQS 0103-2753 more closely than does 



SDSS J1254+0846. ICivano et al.l (120111 ) present a multiwavelength analysis of this object, 
giving an optical luminosity for the brighter component of z/L„(5 1 00) = 10 43,9 , 10 43,6 erg s" 1 
for the two AGN components, about two orders-of-magnitude less luminous than LBQS 
0103-2753. For the SE (fainter) component, they estimate a black hole mass of 10 78 M Q 
from the width of the broad H/3 line. Civano et al. make the interesting suggestion that the 
SE component may actually be a runaway black hole ejected from the host galaxy nucleus 
by gravitational radiation recoil or the three-body slingshot mechanism. This interpretation 
is based in part on a large velocity offset (~ 1200 km s~ x ) between the broad H/3 line of the 
SE component and the narrow emission lines. 



Similar in redshift and spacing to LBQS 0103-2753 is the dual AGN flGerke et al.ll2007l ). 
This object appears to be in an early type host with some morphological disturbance. While 
we cannot analyze the morphology of the host of LBQS 0103-2753 in detail, the large tidal 
arc and the prominent star formation regions suggest a gas-rich merger, consistent with the 
vigorous fueling required for the two luminous QSOs. 
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Fig. 1. — Two-color image of LBQS 0103-2753 representing a combination of F606W and 
F814W exposures with the ACS on HST. The left panel gives a shallower rendition at a 
larger spatial scale to display the two QSOs. The right panel gives a deeper image to bring 
out the host galaxy and tidal arc. See text for discussion. 
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Fig. 2. — PSF-subtracted two-color image of LBQS 0103-2753 weighted to bring out the 
regions of recent star formation in the main tidal arc and the counter-arc. See text for 
discussion. 
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Fig. 3. — Infrared J-band spectrum of LBQS 0103-2753 obtained with UKIRT. The expected 
wavelengths of Ha for the redshift of the C IV peak in component A (z = 0.834) and of 
component B (z = 0.858) are shown. There is no indication of a feature at za, confirming 
that the C IV peak in component A is affected by the BAL absorption and does not represent 
the true redshift. See text for discussion. 
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Fig. 4.- HST STIS spectra of LBQS 0103-2753 for components A and B. See text for 
discussion. 
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Fig. 5. — Overlay of the STIS spectra of LBQS 0103-2753 for components A (black) and 
B (red). Fluxes have been scaled to overlap in the continuum. Vertical dotted lines show 
expected wavelengths for zb = 0.858. Note the wavelength offset of Mg II in component A 
and the strong emission in Al III A1857. See text for discussion. 



